This work intents to introduce a new concept for perceived power quality and the relationship between availability of supply and perceived power quality. After that it attempts to give an overview of the interruption indices used nowadays and to compare system reliability in Europe by using interruption indices. Then we will determine the factors of influence in these indices and finally give an overview of the measures necessary in order to decrease interruption indices.
Introduction
This paper describes the relationship between the perceived power quality, distribution reliability and interruption indices. It starts with a new conceptual view of the perceived power quality, tackles the used indices for availability of supply, gives an overview on the availability in Europe and ends with the measures necessary in order to improve network reliability.
New conceptual View of Perceived Power Quality
Nowadays the quality of electric power is indispensable in any modern economy. But there is a lot of confusion about what kind of aspects should be included in Power Quality. First of all, we can state that power quality should be seen from the customer point of view; therefore it should be named the perceived power quality. In other words, the customer experiences a lack of expected service from his apparatus and as a result, detects the lack of power quality. Therefore we detect two main agents in power quality: the utility and the costumer.
From the utility point-of-view, we can divide power quality into three major categories:
1) Commercial quality of power 2) Availability of power supply 3) Waveform quality
From the customer point-of-view, we have two major aspects to consider: Figure 1 shows the relationship between the different factors in power quality.
4) Reliability of the customer installation 5) Compatibility level of the customer apparatus

Fig. 1. Conceptual view of perceived power quality
A. Commercial quality of power Commercial quality of power is the only non-technical part of the perceived power quality, and it defines the quality of the commercial relationship between the customer and the utility.
B. Availability of power supply
Availability or continuity of supply is characterized by the number and duration of supply interruptions. Supply interruptions are unavoidable in electric power distribution and are defined in the standard EN 50160 as interruptions longer than 3 minutes. Availability refers to uninterrupted power supply.
C. Waveform quality
Waveform quality is the inherent quality of the power, and it is measured in terms of acceptable values of voltage and frequency. Waveform quality is often mistaken for the term power quality, but it should be emphasized that waveform distortion (e.g. square waveform output from a UPS) does not lead to a malfunction of the customer apparatus.
D. Reliability of the customer installation
The responsibility of the utility ends at the point of common coupling (PCC). The customer installation between the PCC and the customer apparatus is influential on for the perceived power quality. Installing UPS, redundancy, an adequate grounding system, standby systems, harmonic filters is decisive for the overall power quality of the installation.
E. Compatibility level of the customer apparatus
The customer apparatus is characterized by the emission level and the immunity level. The Emission Level is the level of disturbance produced by the load. The immunity level is the maximum value of disturbance present in the network without degrading the behavior of the apparatus.
Availability of supply indices
In respect to the effects of interruption of supply on a customer, the interruptions are classified in planned and unplanned interruptions, as well as, in short and long interruptions. Long interruptions are considered as those longer than 3 minutes. In order to quantify the effects of long interruption, interruption indices are defined as Interruption Frequency, Supply Unavailability and Interruption Duration. Interruption frequency represents the number of interruptions on average per year per customer. Supply unavailability describes the number of minutes without supply on average per year per customer, and interruption duration is the average duration of customer interruptions.
The three methodologies for calculation interruption indices are based on the number of customers, the connected power and the number of substations (transformers). UNIPEDE [1] and IEEE [2] have defined acronyms for indices calculated by one of the specific methodologies. Several national regulators in Europe have defined their own acronyms for the interruption indices. All of these methodologies are well-known and are exposed in the following references: [1] , [2] , [3] , [4] . The following table shows the acronyms used for the interruption indices. 
Availability in Europe
In Europe, every country applies their own criteria in order to calculate the supply indices; there are differences in the methodology, voltage level and proportion of network included. In many cases, the indices are calculated by distribution companies, and in other cases, company indices are confidential. In general, it can be said that the data in not homogeneous; few years are represented; and the quality of data is questionable. Therefore, the values available should be taken with caution and benchmarking these crude values could lead to inaccurate conclusions. But they are providing a point of reference from which to compare different practices etc. in different countries. Table II compares the national mean values of the interruption frequency and unavailability [5] in different European countries, while Figure 2 shows the results in a graphical manner. The city of Barcelona is also included in these statistics. Generally, it could be said that the values of interruption indices have a great dispersion and there is a great variety between different countries. It has been shown [6] that even when distribution networks have very similar networks, there can be significant differences in interruption indices. Therefore a range of influential factors can be determined which may explain the variations of indices. In short, these factors can be separated into two classes: inherited and inherent factors [7] .
A. Inherited factors
The inherited factors are derived from the differences that the distribution companies have inherited due to their long term network design. It includes differences in the design and configuration of the network, such as length and the degree of interconnection. Fig. 3 . Correlation between the unavailability and thunderstorm days in a Spanish region Finally, it should be said that interruption indices are not homogeneous and comparisons between countries and companies should be made with caution. There is a trend to reward good network performance and to penalize below average performance in order to stimulate distribution companies to increase network reliability. Regulators should consider inherited and inherent factors when determining the network performance.
Distribution Network Reliability
Until now, the objectives of network design have been to minimize distribution losses. However, by introducing interruption indices, the design criteria will change to include optimal network configuration, which will guarantee lower interruption indices. There are three possible strategies for decreasing interruption indices:
• Reduction of the number of faults • Reduction of time of interruption • Reduction of number of affected customers
A. Reduction of the number of faults
The reduction of the interruption frequency is possible by decreasing failure rates of the network component. For example, the reduction of the number of faults in an overhead line can be reached by a tree trimming program, which ensures the clearance distance. This will reduce the failure rate, and increase the system reliability and reduce interruption. A reduction of the number of interruptions leads to lower interruption indices. In summary, the reduction of the number of faults causes a decrease of the frequency of interruptions and unavailability. In the following list, we can find the most important measures for reducing failure rates.
• Preventive maintenance 
B. Reduction of time of interruption
The time of interruption is the time required to restore the power supply. A fault affected zone in the distribution network can be isolated from the healthy part of the network by disconnecting the affected sector. It is important that the switching actions of the restoring process are optimized in order to isolate the smallest possible section of network affected by the fault. This process does not reduce the time interruption in the fault affected zone, but it will provide a substantial improvement in the sector of the network that is not affected by the fault. Furthermore automated sectioning points will provide a more timely restoration of the power supply. If the restoration of the supply takes place in less than three minutes, the interruption is not considered as long interruption. Time reduction of the time processes lead to a reduction in the unavailability indices, but do not show effects on interruption frequency. 
Conclusion
The perceived power quality can be divided into five parts: commercial quality of the utility, availability of supply, waveform quality, customer installation and compatibility levels of the customer's apparatus. It is very important to consider that the customer apparatus and installation are influential on the power quality. System reliability is expressed by interruption indices, which are applied in different ways around Europe; therefore, an international comparison of availability of supply should be viewed with reservation. In the future, when the quality of data is increased, the comparison should have more substance. The variation of the interruption indices between countries and companies led us to the conclusion that the factors of influence on these indices and inherited and inherent.
Finally, decreasing fault rates, restoration time and number of affected customers will result in lower interruption indices and increase distribution system reliability.
